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2ABSTRACT. Eggermont LH, van Heuvelen MJ, van
eeken BL, Hollander AP, Scherder EJ. Walking with a rol-
ator and the level of physical intensity in adults 75 years of age
r older. Arch Phys Med Rehabil 2006;87:733-6.
Objective: To determine whether walking with a rollator by
ersons 75 years of age or older is of sufficient intensity to
mprove aerobic fitness.
Design: A cross-sectional cohort study.
Setting: University movement laboratory.
Participants: Fifteen subjects 75 years of age or older
mean age, 83.7y) who could only walk by using a rollator.
Interventions: Not applicable.
Main Outcome Measures: During 6 minutes of self-paced
readmill walking using a rollator at a mean walking speed of
.6m/s, oxygen uptake (V˙ O2), carbon dioxide production, and
eart rate were determined. Respiratory exchange ratio (RER)
nd energy expenditure were calculated. The energy expendi-
ure was expressed as the number of metabolic equivalents
METS), the percentage of estimated maximal V˙ O2 (V˙ O2max),
he percentage of estimated V˙ O2max reserve, and the percent-
ge of estimated maximal heart rate.
Results: Mean V˙ O2 was .718L/min. Mean RER was .93 (95%
onfidence interval [CI], .89.97). Thirteen participants showed
n RER below 1.0, which indicates a negligible contribution of
naerobic expenditure. Walking with a rollator required a mean
f 2.8 (95% CI, 2.43.2) METS, 71.9% of V˙ O2max (95% CI,
5.2%78.6%), 50.5% (95% CI, 39.4%61.5%) of V˙ O2 re-
erve, and 75.2% (95% CI, 67.6%82.8%) of estimated max-
mal heart rate.
Conclusions: For people 75 years of age or older, walking
ith a rollator is an activity of moderate to high level of
ntensity, with the capacity of improving aerobic fitness.
Key Words: Aerobic exercise; Energy expenditure; Frail
lderly; Rehabilitation.
© 2006 by the American Congress of Rehabilitation Medi-
ine and the American Academy of Physical Medicine and
ehabilitation
HERE IS INCREASING EVIDENCE of a positive rela-
tion between physical activity, physiologic parameters
uch as blood pressure, functional abilities, balance, flexibility,
From the Department of Clinical Neuropsychology, Vrije Universiteit, Amsterdam,
he Netherlands (Eggermont); Institute of Human Movement Sciences, Rijksuniver-
iteit Groningen, Groningen, The Netherlands (van Heuvelen, Scherder); and Faculty
f Human Movement Sciences, Vrije Universiteit, Amsterdam, The Netherlands (van
eeken, Hollander).
No commercial party having a direct financial interest in the results of the research
upporting this article has or will confer a benefit upon the author(s) or upon any
rganization with which the author(s) is/are associated.
Reprint requests to Laura H. Eggermont, MSc, Dept of Clinical Neuropsychology,
rije Universiteit, Van der Boechorststraat 1, 1081 BT Amsterdam, The Netherlands,
-mail: LHP.Eggermont@psy.vu.nl.p
0003-9993/06/8705-10719$32.00/0
doi:10.1016/j.apmr.2006.02.008uscle strength, and cognitive functioning in older adults.1-6
ognitive functions are particularly vulnerable to aging7 and
re crucial for independent living.8
Older adults with a decrease in physical activity caused by
oor cardiorespiratory condition have experienced greater cog-
itive decline over a period of 6 years compared with older
dults showing high cardiorespiratory fitness.9 In healthy,
edentary older subjects, aerobic activities resulted in a signif-
cant improvement in the maximal oxygen uptake (V˙ O2max)
nd to benefit executive functions such as inhibition and plan-
ing.10 These studies, however, involved high-intensity phys-
cal activity such as running.10 This type of physical activity is
sually not appropriate for people of advanced age.11 It is
nown that physical fitness (eg, muscle strength, balance) de-
reases with age.12 Consequently, many of the oldest old (age
75y) can only stay mobile by the use of a walking aid13 and
re unable to run. In 1 study,14 more than half of the 599
ubjects aged 75 or over who were surveyed owned 1 or more
alking devices. In sum, for frail older people, walking with a
evice like a rollator is a much more appropriate activity than
ctivities such as running.
In view of the effects of aerobic activity on for instance
xecutive functions, it is important to know the exact amount
f energy expended when walking with a rollator and does this
onstitute adequate aerobic activity. This has not been exam-
ned before. According to the guidelines of the American
ollege of Sports Medicine (ACSM),15 activities with an in-
ensity of 55% to 65% of maximal heart rate or 40% to 50% of
˙ O2max reserve (V˙ O2max minus resting V˙ O2) are appropriate
o increase or maintain cardiorespiratory fitness of relatively
nfit persons provided that the frequency is at least 3 times a
eek and the duration at least 30 minutes per occasion. We
tudied this treatment frequency and duration in a recent pilot
tudy16 in which the effects of walking with a rollator on
xecutive functions were examined in persons with mild cog-
itive impairment. After a treatment period of 6 weeks, verbal
uency, a task that relies on executive control functions,17
mproved. Firm conclusions about the effectiveness of walking
ith a rollator on executive functions can, however, not be
rawn. First, the range of executive functions examined in that
tudy was restricted (only 2 tasks). Second, it was not exam-
ned whether walking with a rollator is intense enough to
ncrease aerobic activity. The objective of the present study
as to determine the physical intensity of walking with a
ollator.
METHODS
articipants
The study sample consisted of 15 subjects 75 years or older
12 women, 3 men) who lived in a residential home (n13) or
t home (n2). The mean age was 83.74.6 years. The level
f cognitive functioning was assessed by means of the Mini-
ental State Examination (MMSE).18 Mean MMSE score was
5.212.6. Mean body weight was 75.015.2kg. All partici-
ants signed informed consent.
Arch Phys Med Rehabil Vol 87, May 2006
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AInclusion and exclusion criteria. Medical staff of the res-
dential home and the general practitioner were consulted and
articipants were included in the study if (1) they were 75 years
r older, (2) they were able to walk only by means of a rollator,
3) they had a normal mental status by using norms of a sample
f cognitively unimpaired older persons controlling for age,19
nd (4) they were able to walk 20m to determine walking
peed. Participants were excluded from the study if they were
uffering from a neurodegenerative disease that would cause
otor impairment such as Parkinson’s disease.20
Comorbidity. Participants’ medical history showed: cardiac
roblems (n8), diabetes mellitus (n2), cerebral ischemic at-
ack (n5), exanthema (n2), diverticulosis (n3), rheumatic
rthritis (n8), osteoporosis (n5), gout (n2), hernia nuclei
ulposi (n4), radiculopathy (n2), spondylodesis (n2),
olymyalgia rheumatica (n1), pulmonary disease (n5), cho-
ecystectomy (n1), tumors (n1), appendectomy (n3), cys-
itis (n1), pyelitis (n1), hypercholesterolemia (n1), hy-
erthyroidism (n1), and visual disturbances (n5). The
omorbidities in our sample were representative of the general
opulation of this age.21
rocedure
The participants walked with their rollator for 6 minutes on
treadmill.a Each participant’s walking velocity was deter-
ined by measuring the time needed to walk 20m on a regular
at surface at his/her comfortable speed. Because walking speed
as determined over a short distance, the speed of the treadmill
as set at a 10% reduction of the initially determined speed.
articipants were asked to practice on the treadmill for a short
eriod of time to get accustomed to the treadmill. Participants
alked at a mean walking speed of .64.10m/s.
easurement
Oxygen consumption during walking was determined by use
f Oxycon Alpha.b This system consists of a soft mask to sample
xhaled air and a sensor system that continuously measures
xpired ventilation, oxygen use (V˙ O2), and carbon dioxide pro-
uction (V˙ CO2). From the 6-minute walk, the averages of the
ast 2 minutes were used to determine the outcome parameters
n a steady-state condition.
Oxygen uptake. V˙ O2 (in L/min) and V˙ O2 per kilogram of
ody weight (in mL·min1·kg1) were determined. Percentage
f estimated V˙ O2max (%V˙ O2max) was determined by using
redicted values from the literature. These values were derived
rom regression equations of the relation between age and
˙ O2max for men and women aged 55 to 86 years.22 These
quations include the following: for men: V˙ O2max (L/min)
0.034age4.142 or V˙ O2max (mL·min1·kg1)0.31
ge44.23 and for women: V˙ O2max (L/min)0.019age
.518 or V˙ O2max (mL·min1·kg1)0.25age36.63. In
ddition, percentage of estimated V˙ O2max reserve was calculated
y the the following formula: (V˙ O2resting V˙ O2)/(V˙ O2max
esting V˙ O2)100%, using resting V˙ O23.5mL·min1·kg1.
Respiratory exchange ratio. The respiratory exchange ra-
ion (RER) was calculated by dividing V˙ CO2 by V˙ O2 to deter-
ine whether walking with a rollator is an aerobic activity
.
An
ER of 1.0 or below 1.0 indicates aerobic expenditure with a
egligible contribution of anaerobic expenditure.23 In aerobic
ctivity, the aerobic metabolic pathways are sufficient to meet
he energy demands of the muscles and the participant can
ustain the activity for a prolonged time period without exhaus-
ion.24 When exercise is performed at higher work rates, an-
erobic pathways are increasingly used to meet energy de-
ands, decreasing the length of time that activity can be a
rch Phys Med Rehabil Vol 87, May 2006ustained. These anaerobic processes go together with the
ccumulation of lactate. The buffering of the lactate adds extra
arbon dioxide to the expired air and the RER will exceed
.0.24
Energy expenditure. The energy expenditure (in J/s) was
etermined by the following formula: V˙ O2 (L/s)(16,040
ER4940).25 Energy expenditure per meter and energy
xpenditure per meter per kilogram of body weight (in
·m1·kg1) were determined as well. The intensity of the
ctivity was also expressed as the number of metabolic equiv-
lent units (METS). One MET is generally assumed to be
.5mL·min1·kg1.26
Heart rate. Measurement of heart rate (with a 5-second
nterval) was determined by use of a sports tester.c Percentage
f maximal heart rate was determined by the following for-
ula: heart rate/(220age)100%.
RESULTS
xygen Uptake
The mean V˙ O2 was .718L/min. Mean V˙ O2 per kilogram of
ody weight was 9.89mL·kg1·min1 (table 1). By using the
inear regression equations from the literature,22 participants
alkedonaverageat61.2%(95%confidenceinterval [CI],52.5%
9.9%) of the estimated V˙ O2max expressed in mL·min1·kg1
nd 71.9% (95% CI, 65.2%78.6%) of the estimated V˙ O2max
xpressed in liters per minute (for means and standard devia-
ions, see table 1). Expressed as a percentage of V˙ O2max
eserve, the participants walked at 50.5% (95% CI, 39.4%
1.5%).
nergy Expenditure
The mean energy expenditure and energy expenditure per
eter were 246.73J/s and 395.76J/m, respectively. Mean
nergy expenditure per kilogram of body weight was
.39J·m1·kg1. Mean intensity was 2.8 (95% CI, 2.43.2)
ETS (see table 1).
espiratory Exchange Ratio
Mean RER was .93 (95% CI, .89.97). Thirteen participants
howed an RER below 1.0. Two participants had an RER
bove 1.0 (1.02, 1.10).
eart Rate
On average, participants reached a heart rate of 75.2% (95%
I, 67.6%82.8%) of the estimated maximal heart rate.
DISCUSSION
The goal of this study was to determine the amount of energy
xpended when walking with a rollator. We found that this
roup of subjects, 75 years of age or older, consumed an
verage of 2.8 METS when walking; this corresponds to a
oderate level of intensity according to the ACSM scale for
he very old.15 Compared with activities taken from the Com-
endium of Physical Activities,27 walking with a rollator is a
omewhat higher-intensity activity than vacuum cleaning and a
omewhat lower-intensity activity than walking down stairs. In
ur study, we did not measure the resting V˙ O2; therefore, an
ET was considered to be 3.5mL·min1·kg1.26 However,
or older people this may be an overestimate.26
Thirteen participants showed an RER below 1.0, indicating
erobic expenditure. Two participants had an RER above 1.0.
ne of them showed more exertion and walked at the highest
peed of all participants. The other participant appeared very
nxious during the walk on the treadmill and did not finish the
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735WALKING WITH A ROLLATOR, Eggermontminutes because of this anxiety. For this participant, the high
ER may be related to hyperventilation. Combining this with
he fact that all other participants had an RER lower than 1.0
uggests that walking with a rollator is an aerobic activity of a
oderate- to high-intensity level.
According to the ASCM guidelines,15 activities with an
ntensity corresponding to 55% to 65% of maximal heart rate or
0% to 50% of V˙ O2max reserve are appropriate for increasing
r maintaining cardiorespiratory fitness in relatively unfit older
ersons. Walking with a rollator yields an intensity correspond-
ng to 75% of the maximal heart rate and 50% of the V˙ O2max
eserve and therefore meets these criteria. However, the criteria
urther stipulate that activity of this intensity must be per-
ormed at least 3 times a week for at least 30 minutes a
ession.15 In the aforementioned pilot study,16 this treatment
requency and duration were successfully applied to subjects
5 years and older who walked with a rollator. Training with a
ollator is inexpensive and widely feasible. As well, self-paced
alking has been reported to be preferred over activities such
s bicycling and swimming in this age group.28
Energy expenditure during walking with assistive devices
uch as crutches or a walker has, so far, been examined only in
ounger people, and the results are inconsistent. One study29
howed that walking with crutches resulted in lower V˙ O2 com-
ared with walking with a rollator or a standard walker. Com-
ared with unassisted walking, walking with a wheeled walker
esulted in more oxygen use.29 In another study,30 however,
here was no difference in V˙ O2 between walking with or with-
ut a rollator. Comparison between those 2 studies and our
tudy is difficult because the studies included younger partic-
pants, walking speed differed, and participants did not use a
ollator in their daily life.
The previously mentioned finding of an energy expenditure
f 2.8 METS may be an underestimation of the intensity of
alking with a rollator. For future research, it is recommended
hat resting V˙ O2 is measured to provide more accurate estimates
f the intensity expressed in METS as well as the V˙ O2max
eserve. A second limitation of this study is that we estimated
he V˙ O2max by using predicted values from the literature22
nstead of participant scores of V˙ O2max obtained from direct or
ndirect measurement. However, in this frail population, it may
e difficult or even impossible to determine the V˙ O2max di-
ectly. In 1 study,31 less than 50% of a representative sample of
lder subjects aged 57 to 78 years succeeded in reaching their
˙ O2max. As far as we know, exercise tests to determine or
stimate the V˙ O2max of the oldest old have not been developed
et. Another limitation of the study is the small sample size
ielding wide CIs on the main outcome measures. Further
esearch in a larger sample would yield more precise estimates
nd greater confidence in our conclusions.
Because walking with a rollator might improve executive
unctions in older people,16 there is a need for further explo-
ation of the applicability and possible benefits of this form of
xercise. A broad range of cognitive indicators as well as
unctional outcomes need to be studied.
CONCLUSIONS
For people 75 years or older, walking with a rollator is an
ctivity of a moderate to a high level of intensity, with suffi-
ient capacity to improve aerobic fitness.
References
1. Churchill JD, Galvez R, Colcombe S, Swain RA, Kramer AF,
Greenough WT. Exercise, experience and the aging brain. Neu-
robiol Aging 2002;23:941-55.S
u M
*V
a
A
b
b
Arch Phys Med Rehabil Vol 87, May 2006
11
1
1
1
1
1
1
1
1
2
2
2
2
2
2
2
2
2
2
3
3
a
b
736 WALKING WITH A ROLLATOR, Eggermont
A2. Puggaard L, Larsen JB, Stovring H, Jeune B. Maximal oxygen
uptake, muscle strength and walking speed in 85-year-old women:
effects of increased physical activity. Aging (Milano) 2000;12:
180-9.
3. DiBrezzo R, Shadden BB, Raybon BH, Powers M. Exercise
intervention designed to improve strength and dynamic balance
among community-dwelling older adults. J Aging Phys Act 2005;
13:198-209.
4. Lazowski DA, Ecclestone NA, Myers AM, et al. A randomized
outcome evaluation of group exercise programs in long-term care
institutions. J Gerontol A Biol Sci Med Sci 1999;54:M621-8.
5. de Carvalho Bastone A, Filho WJ. Effect of an exercise program
on functional performance of institutionalized elderly. J Rehabil
Res Dev 2004;41:659-68.
6. Van Gelder BM, Tijhuis MA, Kalmijn S, Giampaoli S, Nissinen
A, Kromhout D. Physical activity in relation to cognitive decline
in elderly men: the FINE Study. Neurology 2004;63:2316-21.
7. Braver TS, Barch DM. A theory of cognitive control, aging
cognition, and neuromodulation. Neurosci Biobehav Rev 2002;
26:809-17.
8. Pugh KG, Lipsitz LA. The microvascular frontal-subcortical syn-
drome of aging. Neurobiol Aging 2002;23:421-31.
9. Barnes DE, Yaffe K, Satariano WA, Tager IB. A longitudinal
study of cardiorespiratory fitness and cognitive function in healthy
older adults. J Am Geriatr Soc 2003;51:459-65.
0. Colcombe S, Kramer AF. Fitness effects on the cognitive
function of older adults: a meta-analytic study. Psychol Sci 2003;
14:125-30.
1. DiPietro L. Physical activity in aging: changes in patterns and
their relationship to health and function. J Gerontol A Biol Sci
Med Sci 2001;56:13-22.
2. Buchner DM, Wagner EH. Preventing frail health. Clin Geriatr
Med 1992;8:1-17.
3. Brandt A, Iwarsson S, Stahl A. Satisfaction with rollators among
community-living users: a follow-up study. Disabil Rehabil 2003;
25:343-53.
4. Edwards NI, Jones DA. Ownership and use of assistive devices
amongst older people in the community. Age Ageing 1998;27:
463-8.
5. American College of Sports Medicine Position Stand. The recom-
mended quantity and quality of exercise for developing and main-
taining cardiorespiratory and muscular fitness, and flexibility in
healthy adults. Med Sci Sports Exerc 1998;30:975-91.
6. Scherder EJ, Paasschen J, Deijen JB, et al. Physical activity and
executive functions in the elderly with mild cognitive impairment.
Aging Ment Health 2005;9:272-80.
7. Pennington BF, Ozonoff S. Executive functions and developmen-
tal psychopathology. J Child Psychol Psychiatry 1996;37:51-87.
8. Folstein MF, Folstein SE, McHugh PR. “Mini-mental state”. A
practical method for grading the cognitive state of patients for the
clinician. J Psychiatr Res 1975;12:189-98. c
rch Phys Med Rehabil Vol 87, May 20069. Dufouil C, Clayton D, Brayne C, et al. Population norms for the
MMSE in the very old: estimates based on longitudinal data.
Mini-Mental State Examination. Neurology 2000;55:1609-13.
0. Marras C, Rochon P, Lang AE. Predicting motor decline and
disability in Parkinson disease: a systematic review. Arch Neurol
2002;59:1724-8.
1. Bayliss EA, Ellis JL, Steiner JF. Subjective assessments of co-
morbidity correlate with quality of life health outcomes: initial
validation of a comorbidity assessment instrument. Health Qual
Life Outcomes 2005;3:51.
2. Paterson DH, Cunningham DA. The gas transporting systems:
limits and modifications with age and training. Can J Appl Physiol
1999;24:28-40.
3. McArdle WD, Katch FI, Katch VL. Exercise physiology: exercise,
nutrition and human performance. Baltimore: Lippincott, Wil-
liams & Wilkins; 2001. p 185.
4. Waters RL, Lunsford BR, Perry J, Byrd R. Energy-speed relation-
ship of walking: standard tables. J Orthop Res 1988;6:215-22.
5. Garby L, Astrup A. The relationship between the respiratory
quotient and the energy equivalent of oxygen during simultaneous
glucose and lipid oxidation and lipogenesis. Acta Physiol Scand
1987;129:443-4.
6. Kwan M, Woo J, Kwok T. The standard oxygen consumption
value equivalent to one metabolic equivalent (3.5 ml/min/kg) is
not appropriate for elderly people. Int J Food Sci Nutr 2004;55:
179-82.
7. Ainsworth BE, Haskell WL, Leon AS, et al. Compendium of
physical activities: classification of energy costs of human phys-
ical activities. Med Sci Sports Exerc 1993;25:71-80.
8. Gill TM, DiPietro L, Krumholz HM. Role of exercise stress
testing and safety monitoring for older persons starting an exercise
program. JAMA 2000;284:342-9.
9. Holder CG, Haskvitz EM, Weltman A. The effects of assistive
devices on the oxygen cost, cardiovascular stress, and perception
of nonweight-bearing ambulation. J Orthop Sports Phys Ther
1993;18:537-42.
0. Foley MP, Prax B, Crowell R, Boone T. Effects of assistive
devices on cardiorespiratory demands in older adults. Phys Ther
1996;76:1313-9.
1. White AT, Fehlauer CS, Hanover R, Johnson SC, Dustman RE. Is
VO2max an appropriate fitness indicator for older adults? J Aging
Phys Act 1998;6:303-9.
Suppliers
. Bonte Technology, Ampèrestraat 25B, 8013 PT Zwolle, The Neth-
erlands.
. Jaeger, VIASYS Healthcare GmbH, Leibnizstr 7, D-97204 Hoech-
berg, Germany.
. Polar Electro Oy, Professorintie 5, FIN-90440 Kempele, Finland.
